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(54) [Title of the Invention] Semiconductor Device 



(57) [Summary] 



[Object] 



To realize a high speed and stable operation even when using any external power supply 
voltage either of 5 V and 3.3 V by integrating those power supply voltages in a 
semiconductor device. 

[Construction] 

This device comprises a power supply voltage detecting circuit M, a voltage step-down 
circuit K, and a switching circuit L. The external power supply voltage detecting 
circuit M detects the magnitude of the external power supply voltage, and transmits a 
signal for controlling the switching circuit L as an output. The switching circuit L 
functions so as to supply internal power supply voltage which is stepped down to 3.3 V 
by the step-down circuit K to internal circuits 3 when the external power supply voltage is 
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5 V, and to supply external power supply voltage unchanged to the internal circuits 3 
when the external power supply voltage is 5 V. 

[Claims] 

[Claim 1] 

A semiconductor device characterized by having an input connected to an external power 
supply terminal, and. a step-down circuit for converting an external power supply voltage 
applied from the external power supply terminal to a lower internal power supply voltage 
and outputting an input connected to an external power supply terminal, and a power 
supply voltage detecting circuit for outputting a logic 1 or a logic 0 if the external power 
supply voltage is higher than the established circuit threshold value, and a logic 0 or a 
logic 1 if the established circuit threshold value is a low level; and a switching circuit 
having a first input terminal; a second input terminal, control terminals, and an output • 
terminal; the external power supply terminal connected to the first input terminal, the 
output of the step-down circuit connected to the second input terminal, the outputs of the 
power supply voltage detecting circuit connected to the control terminals, and the output 
terminal connected to the power supply line of the internal circuits; and a function for 
applying either the output voltage of the step-down circuit or the external power supply 
voltage to the output terminal according to the logic value signal applied to the control 
terminal. 

[Claim 2] 

A semiconductor device according to Claim 1 wherein the value of the decision voltage 
for determining the magnitude of the external power supply voltage is set between 3.3 V 
and 5.0 V for the power supply voltage detecting circuit. 

[Claim 3] 

A semiconductor device according in Claim 1 wherein the value of the decision voltage 
for determining the magnitude of the external power supply voltage is set between 2V and 
3V for the power supply voltage detecting circuit. 

[Detailed Description of the Invention] 

[0001] 

[Technological Field of the Invention] 

The present invention relates to a semiconductor device, and in particular, to a 
semiconductor device wherein the principal component is a MOSFET capable of 
operating stably and at a high speed even when the external power supply voltage is 5 V, 
3.3 V or 3.0 V. 



3 



FH 008664 



[0002] 



[Prior Art] 

In recent years, the miniaturization of device elements, that is, the reduction in size of 
MOSFET gate length and the greater thinness of gate oxide film has continued to 
progress. For example, currently in DRAM (Dynamic Random Access Memory) with the 
greatest storage capacity, the gate length has been reduced to 0.5 to 0.6 \un, and the gate 
oxide thickness has been reduced to about 1 50 A. Thus, as the miniaturization of 
MOSFET progresses, assuring semiconductor device reliability becomes more difficult 
with conventional methods using 5 V as a power supply voltage because the hot carrier 
voltage tolerance and the source drain voltage tolerance drops. See reference materials 
Nikkei Microdevices, April, 1 991 (P. 52 to 61), and Nikkei Electronics, May, 1991 
(P. 143), for example. 

[0003] j 

Thus, in recent years, a method has been devised whereby the power supply voltage used 
in semiconductor devices is reduced from 5 V to 3.3 V. By reducing the power supply 
voltage, deterioration of the device components is held in check because the strength of 
the electric field applied to the channel region is eased. Therefore, the reliability of 
semiconductor devices can likely be assured even with the increase of storage capapity. 

[0004] 

However, the problem of selecting an external power supply voltage cannot always be 
adequately resolved from the perspective of semiconductor device design. A power 
supply voltage provided by an external device configured with a semiconductor device is 
likely not easily switched to 3.3 V considering that it is sufficiently possible to configure 
in combination with conventional power supply voltage methods. Therefore, it is 
necessary to add a function to the semiconductor device itself to allow operation with 
either power supply voltage method when the power supply voltage moves from 5 V to 
3.3 V. 

[0005] 

A method has becomie common whereby the external power supply voltage Vcc (ext) is 
first received by a step-down circuit internally provided to the semiconductor device, then 
converted to the internal power supply voltage Vcc (int) = 3.3 V, and finally supplied to 
the internal circuit. This is a method whereby the external power supply voltage, whether 
5 V or 3 .3 V, is set to the internal power supply voltage Vcc (int) by the step-down circuit, 
and then supplied to the internal circuit. See reference material Nikkei Microdevices, 
February, 1990 (P. 1 15 to 122). 

[0006] 
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Fig. 8 is a partial block diagram of a common semiconductor memory device using a 
step-down circuit according to prior art. In Fig. 8, an external power supply voltage 
Vcc (ext) is input from the node CC connected to an external terminal 1 to the step-down 
circuit (K) configured inside the semiconductor device, converted to the internal power 
supply voltage Vcc (int), output to the output node CCi, and the Vcc (int) is supplied to 
the internal circuits 3 (decoder circuit 5, sense amplifier circuit 6, control circuit 7, and 
the like) by way of the internal circuit power supply line 2. 

[0007] 

Fig. 9 is a characteristics graph showing the external power supply voltage Vcc (ext) 
appearing at the output node CCi and the input node CC of the step-down circuit 
according to prior art. Stepped-down internal power supply voltage Vcc (int) appears at 
output CCi. In a conventional step-down circuit, the device parameters must be 
optimized so that Vcc (int) = 3.3 V is outputted at CCi when the external power supply 
voltage Vcc (ext) = 5 V. Thus, when an external power supply voltage Vcc = 3.3 V is 
used, the internal power supply voltage Vcc (int) drops to about 3.0 V. Because of this, 
when using a lower power supply voltage of 3.3 V there was a drawback whereby the 
external power supply voltage applied to the semiconductor device was not outputted to 
the output node CCi of the step-down circuit at the same magnitude. 

[0008] 

Fig. 10 is a characteristics graph showing the voltage change at the output node CCi of a 
conventional step-down circuit when the internal circuit of the semiconductor device 
switches under conditions of an external power supply voltage of 3.3 V. The wave form 
showing at K2 shows a common switching wave form at any node in an internal circuit. 
Generally, when an internal circuit switches, a through-current flows from Vcc toward 
GND. Because there is a limit to the current-driving capability of the step-down circuit 
for supplying Vcc (int) to the internal circuit, the voltage Vcc (int) at the output node CCi 
at this time generally drops sharply, and returns thereafter to the originally set voltage. 

Depending on the usage conditions, a drop of about 0.7 V was observed in our 
experiments, and when a conventional step-down circuit was used the drop exceeded 
±10%, which is viewed as the standard of tolerance of variation of the used power supply 
voltage. This leads to a drawback whereby sensitive internal circuits 3 such as sense 
amplifier circuit 6 and input buffer circuits may malfunction due to power supply voltage 
fluctuations. 

[0009] 
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[Problems overcome by the invention] 

As noted above, when using an external power supply voltage Vcc (ext) = 33 V in 
particular in a semiconductor device having a step-down circuit K according prior art, the 
semiconductor device does not operate at high speed because 1) the power supply voltage 
Vcc (int) supplied to the internal circuits 3 by way of step-down circuit K is low. And 2), 
because of the limit of MOSFET current-driving capability, the power supply voltage 
Vcc (int) supplied to the interior varies greatly when a large through-current flows in the 
internal circuits 3, and the semiconductor device easily becomes unstable. 

[0010] 

Therefore, a configuration with only a conventional step-down circuit has a drawback 
whereby a semiconductor device can be provided which operates stably and at high speed 
when an external power supply voltage of 3.3 V is used in particular. 

[0011] I 

The purpose of the present invention is to resolve the above-mentioned problems and tA 
provide a semiconductor device capable of operating stably and at a high speed. 

[0012] | 

The structure of the semiconductor device of the present invention is characterized by 
having an input connected to an external power supply terminal and a step-down circuit 
for converting an external power supply voltage applied from the external power supply 
terminal to a lower internal power supply voltage and outputting; an input connected to 
an external power supply terminal and a power supply voltage detecting circuit for 
outputting a logic 1 or a logic 0 if the external power supply voltage is higher than the 
established circuit threshold value, and a logic 0 or a logic 1 if the established circuit 
threshold value is a low level; and a switching circuit a switching circuit having a first 
input terminal; a second input terminal, control terminals, and an output terminal; the 
external power supply terminal connected to the first input terminal, the output of the 
step-down circuit connected to the second input terminal, the outputs of the power supply 
voltage detecting circuit connected to the control terminals, and the output terminal 
connected to the power supply line of the internal circuits; and a junction for applying 
either the output voltage of the step-down circuit or the external power supply voltage to 
the output terminal according to the logic value signal applied to the control terminal. 

[0013] 
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[Working Examples] 

Fig. 1 is a block diagram showing an internal step-down circuit according to the 
semiconductor device in the first working example of the present invention, and shows a 
partial block diagram of an example using a common semiconductor memory device. 

[0014] 

In Fig. 1, the step-down circuit K and the internal circuits 3 (decoder circuit 5, sense 
amplifier circuit 6, control circuit 7, and the like) in the present working example have 
the same functions as those described by Fig. 8, and a description is omitted. The power 
supply voltage detecting circuit M detects the magnitude of the external power supply 
voltage Vcc (ext) and sends a signal for controlling the switching circuit 8 from output 
nodes M01 andM02. 

[0015] 

Fig. 2 is a circuit diagram showing one example of a circuit design which achieves the 
functions of the power supply voltage detecting circuit M in Fig. 1. In Fig. 2, the present 
circuit comprises basically three inverters, and transistors Q21, Q22, Q24, and Q26 are 
enhancement PMOSFET (hereinafter abbreviated as EPM), and transistors Q25, and Q27 
are enhancement NMOSFET (hereinafter abbreviated as ENM). Transistor Q23 is a 
depletion NMOSFET (hereinafter abbreviated as DNM). 

[0016] 

The substrate electric potential of EPM Q21 and Q22 are set as the same electric potential 
as the source potential, and the gate electric potential is determined by the drain electric 
potential. The substrate electric potential of DNM Q23 and the gate voltage is set to 
GND. This power supply voltage detecting circuit M sends an "H" to the output node 
M01 and the output node M02 is set to "L" if an external power supply voltage of 5 V is 
used. When using 3.3 V as the external power supply voltage, logic is realized such that 
"L" is outputted to M01 and "H" is outputted to M02. 

[0017] 

Fig. 3 is a circuit diagram showing an example of a circuit design which achieves the 
function of the switching circuit L in Fig. 1. In Fig. 3, a first transistor gate comprising 
EPM Q3 1 and ENM Q32, and a transistor gate comprising EPM Q33 and ENM Q34 are 
provided, both transistors Q31 and Q33 are EPM and both transistors Q32 and Q34 are 
ENM, and the W/L (gate width/ gate length) of each transistor are designed with 
sufficient size so that these EPM Q31 and Q33, and ENM Q32 and Q34 are provided 
with sufficiently large current-driving capacity. The external power supply voltage 
Vcc (ext), the voltage K01 stepped down by step-down circuit K, and the two control 
signals inputted from the power supply voltage detecting circuit M provide input to the 



7 



*H 008668 



switching circuit L. Either one of Vcc (ext) or KOI is selected according to the logic of 
j the control signal, and then outputted to node CCi to supply to the internal circuits 3. 

[0018] 

Fig. 4 shows the external power supply voltage Vcc (ext) dependency of the voltage 
appearing at the nodes CC, MAI , MB1 , and MCI of the power supply voltage detecting 
circuit M shown in Fig. 2. This action will be described using Fig. 4. 

[0019] 

First, during the time frame (a) wherein the external power supply voltage Vcc (ext) 
satisfies the conditions of the following Formula (1), the voltage of node MAI is 0 V and 
voltages of node MB1 and node MCI are Vcc (ext) and 0 V respectively because 
EPM Q21 and Q22 in Fig. 2 are OFF. Here, VTP is the threshold voltage of the 
EPMQ21 andQ22. j 

[0020] 

I 

(l)Vcc(ext)<2|VTP| 

Second, the voltage of node MAI rises from 0 V because EPM Q21 and Q22 are CfN in 
association with the rise in external power supply voltage Vcc (ext), and when Vcc (ext) 
reaches the value expressed by Formula (2), the inverter comprising EPM Q24 and 
ENM Q25 inverts. 

[0021] 

The voltage at node MAI during the period (b) in Fig. 4 is Vcc (ext) - 2 |VTP|, and the 
voltages at nodes MB1 and MCI are switching to 0 V and Vcc (ext) respectively. VI is 
the logic threshold value of the inverter comprising EPM Q24 and Q25. 

[0022] 

(2)Vcc(ext) = 2|VTP| + VI 

Third, because the external power supply voltage Vcc (ext) during the period (c) 
expressed in the following Formula (3) is sufficiently high, EPM Q21 and Q22 are ON 
and the voltage of node MAI is Vcc (ext) -2 |VTP|, and the voltages of nodes MB1 and 
MC 1 are Vcc (ext) and 0 V respectively. 

[0023] 

^ (3) Vcc (ext) > 2 (VTP| + VI 
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It is therefore possible to send Vcc (ext) and 0 V to the output nodes M01 and M02 
j respectively if 5 V, and 0 V and Vcc (ext) respectively if 3.3 V according to the 

magnitude of the external power supply voltage Vcc (ext) applied to the input node CC in 
the power supply voltage detecting circuit. 

[0024] 

Furthermore, if the value of Vcc (ext) satisfying the above-mentioned Formula (2) is set 
to Vn^rvi, the value of Vwtv\ is set between 3.3 V and 5 V. For example, if designed 
such that VTP = -1 .4 V and VI = 1 .0 V, then Vn^v, = 3.8 V. Moreover, current-driving 
capability of the EPM Q21 and Q22 is designed to be very small in order to set 
DNM Q23 to a high resistance. 

[0025] 

Fig. 5 shows the external power supply voltage Vcc (ext) dependency of the voltage 
appearing at output node CCi of the switching circuit L. Here, Vjntvi is the value of 
Vcc (ext), as noted above, satisfying the above-mentioned Formula (2), however, this is 
the voltage value which can be regarded as the operating decision point of the power 
supply voltage detecting circuit M. 

] [0026] 

In the case Vcc (ext) < Vjmtvi , because the output node M01 = 0 V and M02 = Vcc (ext) 
of the power supply voltage detecting circuit M, EPM Q31 and ENM Q32 are ON, 
EPM Q33 and ENM Q34 are OFF, the voltage Vcc (ext) externally applied is applied as 
is to output node CCi, and the voltage of the output node CCi, that is, the voltage 
Vcc (int) supplied to the internal circuits is expressed in the following Formula (3*). 

[0027] 

(3 ! ) Vcc (int) = Vcc (ext) 

In the case Vcc > Vjntvi, because M02 = 0 V, EPM Q31 and ENM Q32 in the switching 
circuit L are OFF, and EPM Q33 and ENM Q34 are ON, the output voltage V K oi of the 
step-down circuit K is applied to output node CCi, and the voltage Vcc (int) appearing at 
the output node CCi is expressed in the following Formula (4). 

[0028] 

(4)Vcc(int) = V K0 i 

Therefore, in the case that 5 V is used as the external power supply voltage Vcc (ext) of a 
semiconductor device (Region © in Fig. 5), the internal power supply voltage Vcc (int) 
) supplied to various internal circuits 3 is voltage V K oi stepped down by step-down 
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circuit K. On the other hand, in the case that 33 V is used as the external power supply 
voltage (Region ® is Fig. 5), the external power supply voltage Vcc (ext) is supplied as is 
as Vcc (int) to the internal circuits 3 in the semiconductor device. Thus, in the present 
working example even in the case that the external power supply voltage in particular is 
3.3 V, the internal power supply voltage is equivalent to the external power supply 
voltage. Because of this, the voltage supplied to the internal circuits does not drop and 
the operating speed of the semiconductor device is not slowed as in conventional 
examples (Effect ©). 

[0029] 

Fig. 6 shows the time dependency of the variation of the voltage appearing at output node 
CCi of the internal step-down circuit, that is, the internal power supply voltage Vcc (int) 
when the internal circuits integrated into the semiconductor device of the present working 
example are switched when using 3.3 V as the external power supply voltage, 

[0030] I 

In the present working example, in the case an external power supply voltage of 3.3 V i!s 
used, because the external power supply voltage Vcc (ext) is supplied to the internal 
circuits 3 by way of a transfer gate having a large current-driving capability, and the 
internal power supply voltage Vcc (int) does not pass through the step-down circuitj K as 
noted above, variation of power supply voltage is adequately held within the standard 
tolerance (±1 0% or 0.3.3 V) compared to conventional examples because the instability 
of the internal power supply voltage Vcc (int) at CCi is reduced, which occurs when 
switching the internal circuits 3. Thus, malfunction of sensitive circuits in internal 
circuits 3, particularly sense amplifier circuit 5, input buffers, and the like due to variation 
of power supply voltage occurs less easily than conventional examples (Effect ©). 

[0031] 

Fig. 7 is a block diagram showing the second working example of the present invention. 
In Fig. 7, a second working example of the power supply voltage detecting circuit M is 
shown when an internal step-down circuit in the present working example is disposed 
inside the semiconductor device. The configuration of the first stage converter 
connecting to the input node CC in the present working example differs from the power 
supply voltage detecting circuit in the first working example. The gate voltage of 
ENM Q3 1 is determined by the drain potential comprising ENM Q3 1 and DNM Q23. 
The other MOSFET are configured in the same manner as the above-mentioned first 
working example, and a description has been omitted. The threshold voltage of 
ENM Q3 1 is designed so that the voltage change of the node MA2 is the same as the 
voltage change of MAI in the first working example. 

[0032] 
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For example, when setting the threshold voltage VTN of ENM Q31 to VTN = 2.8 V, the 
voltage Vimtv2 that the power supply voltage detecting circuit M of Fig. 7 is capable of 
detecting is equivalent to Vusrrvi in the power supply voltage detecting circuit (Fig. 2) 
described in the above-mentioned first working example, and a description has been 
omitted because the action of the second working example below would be the same were 
the nodes MAI, MB1, and MCI to respectively replace MA2, MB2, and MC2. 

[0033] 

[Efficacy of the Invention] 

As described above, the present invention has beneficial effects in that ® the operation of 
the semiconductor device is not slowed because the voltage supplied to the internal 
circuits does not drop as in conventional examples when using a low voltage external 
power supply Vcc (ext) - 3.3 V in particular, because the output voltage V KO i of the step- 
down circuit is applied to the node CCi when the value of the external power supply 
voltage is 5 V, for example, and the voltage applied to the node CC is applied as is to the 
node CCi by the switching circuit when the value of the external power supply voltage is 
3.3 V; and (D the malfunction of circuits which are sensitive to variation of power supply 
voltage occurs less easily than in conventional examples because the internal power 
supply voltage fluctuation caused by the flow of through-current when internal circuits 
are switched is sufficiently small when external power supply voltage is supplied to the 
internal circuits by way of a transfer gate in particular, comprising EPM and ENM having 
a large current-driving capability. 

[0034] 

Due to the effects ® and ® described above, a semiconductor device can be provided 
which operates stably and at a high speed even if the used external power supply voltage 
Vcc (ext) is 3.3 V or 5 V. 

[0035] 

In the present working example, configurations of the power supply voltage detecting 
circuit are shown in Figs. 2 and 7, and a configuration of the switching circuit is shown in 
Fig. 3, however, these circuit configurations are not limiting, and any circuit having the 
same function may be used. 

[0036] 

The present working example was described using external power supply voltage 
Vcc (ext) = 3.3 V, but the external power supply voltage may be Vcc (ext) = 3.0 V, or the 
value of the external power supply voltage Vcc (ext) may be lower. Naturally, the value 
of VI must be set in accordance with the value of the external power supply voltage 
Vcc (ext). 
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[Brief Description of the Figures] 

Figure 1 is a block diagram of an internal step-down circuit according to the 
semiconductor device in the first working example of the present invention. 

Figure 2 is a circuit diagram showing one example of the power supply voltage detecting 
circuit in Fig. 1 . 

Figure 3 is a circuit diagram showing one example of the switching circuit in Fig. 1 . 

Figure 4 is a characteristics graph showing the Vcc (ext) dependency of the voltage 
change which appears at the input nodes and nodes, and the like in the power supply 
voltage detecting circuit of Fig. 1 . 

Figure 5 is a characteristics graph showing the Vcc (ext) dependency of the voltage 
change of the output nodes of the s witching circuit of Fig. 1 . j 

Figure 6 is a characteristics graph showing the voltage wave form changing conditions ' 
which appears at the output nodes when the internal circuit is switched in a ' 
semiconductor device having an internal step-down circuit of Fig. 1 . 

Figure 7 is a circuit diagram showing one example of the power supply voltage cinjuit for 
realizing an internal step-down circuit according to the second working example of the 
present invention. 

Figure 8 is a block diagram showing an internal step-down circuit according to prior art. 

Figure 9 is a characteristics graph showing the external power supply voltage dependency 
in an internal step-down circuit according to prior art. 

Figure 10 is a characteristics graph showing the voltage changing conditions at nodes 
when switching occurs in the internal circuits of a semiconductor device having an 
internal step-down circuit according to prior art. 
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[Key] 



K Step-down circuit 

M External power supply detecting circuit 
L Switching circuit 

Kl Voltage wave forms at any two nodes of the internal circuit which most optimally 
shows the switching conditions. 

K2 Voltage wave forms showing the switching conditions of the internal circuit. 

1 External power supply terminal 

2 Internal circuit power supply line. 

3 Internal circuit 

5 Decoder circuit 

6 Sense amplifier circuit 

7 Control circuit 

[Figure 1] 
TOP BOX 

Top Left Connection: First input terminal 
Bottom Left Connection: Second input terminal 
Right Connection: Output 
Bottom Connections: Control Terminals 

SECOND BOX FROM TOP 

Left Connection: Input 
Right Connection: Output 

THIRD BOX FROM TOP 

i 

Left Connection: Input 
Right Connections: Outputs 

REMAINDER OF DIAGRAM AS NOTED IN THE KEY 
[Figure 4] 

Y-AXIS: Output Voltage (V) 
X-AXIS: Power Supply Voltage (V) 

[Figure 5] 

Y-AXIS: Output Voltage (V) 
X-AXIS: Power Supply Voltage (V) 
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[Figure 6] 

Y-AXIS: Output Voltage (V) 
X-AXIS: Time 

[Figure 9] 

Y-AXIS: Voltage (V) 

X-AXIS: External Power Supply Voltage (V) Vcc (ext) 
[Figure 10] 

Y-AXIS: Output Voltage (V) 
X-AXIS: Time 
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